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CONTROL UNIT FOR ELECTRIC POWER
STEERING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a control unit for an
clectric power steering apparatus that provides steering
assist force by a motor to the steering system of an auto-
mobile or a vehicle. The present invention particularly
relates to a control unit for an electric power steering
apparatus that gives safe and comfortable steering perfor-
mance by removing the influence of motor inertia and
through the provision of continuous steering feeling i1n a
low-cost structure.

2. Description of the Related Art

An electric power steering apparatus that applies auxiliary
load to the steering apparatus of an automobile or a vehicle
with turning effort of a motor applies the driving force of the
motor to a steering shaft or a rack axis based on a trans-
mission mechanism like gears or belts via a reduction gear.
Such a conventional electric power steering apparatus car-
ries out a feedback control of a motor current for accurately
generating an assist torque (a steering assist torque). The
feedback control is for adjusting a motor application voltage
so as to minimize a difference between a current control
value and a motor current detection value. The motor
application voltage 1s generally adjusted based on a duty

ratio of a PWM (Pulse Width Modulation) control.

A general structure of an electric power steering apparatus
will be explained with reference to FIG. 1. A shaft 2 of a
steering wheel 1 1s connected to a tie rod 6 of running wheels
through reduction gears 3, universal joints 4a and 4b and a
pinion rack mechanism 5. The shaft 2 1s provided with a
torque sensor 10 for detecting a steering torque of the
steering wheel 1. A motor 20 for assisting the steering force
of the steering wheel 1 1s connected to the shaft 2 through
a clutch 21 and the reduction gears 3. A control unit 30 for
controlling the power steering apparatus 1s supplied with
power from a battery 14 through an ignition key 11. The
control unit 30 calculates a steering assist command value I
of an assist command based on a steering torque T detected
by the torque sensor 10 and a vehicle speed V detected by
a vehicle speed sensor 12. The control unit 30 then controls
a current to be supplied to the motor 20 based on the
calculated steering assist command value I. The clutch 21 1s
ON/OFF controlled by the control unit 30, and 1s kept ON
(connected) 1n an ordinary operation status. When the con-
trol unit 30 has decided that the power steering apparatus 1s
in failure, and also when the power source (voltage Vb) of
the battery 14 has been turned OFF with the 1gnition key 11,
the clutch 21 is turned OFF (disconnected).

The control unit 30 mainly comprises a CPU. FIG. 2
shows general functions to be executed based on a program
inside the CPU. For example, a phase compensator 31 does
not show a phase compensator as independent hardware, but
shows a phase compensation function to be executed by the

CPU.

Functions and operation of the control unit 30 will be
explained below. A steering torque T detected by the torque
sensor 10 and then mput i1s phase-compensated by the phase
compensator 31 for increasing the stability of the steering
system. The phase-compensated steering torque TA 1s input-
ted to a steering assist command value calculator 32. A
vehicle speed V detected by the vehicle speed sensor 12 1s
also 1nputted to the steering assist command value calculator
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2

32. The steering assist command value calculator 32 deter-
mines a steering assist command value I as a control target
value of a current to be supplied to the motor 20, based on
the inputted steering torque TA and the mnputted vehicle
speed V. The steering assist command value I 1s mputted to
a subtractor 30A, and 1s also inputted to a differential
compensator 34 of a feedforward system for increasing a
response speed. A difference (I-1) calculated by the subtrac-
tor 30A 1s inputted to a proportional calculator 35, and 1s also
inputted to an integration calculator 36 for improving the
characteristic of a feedback system. Outputs from the dif-
ferential compensator 34 and the integration calculator 36
are 1mputted to an adder 30B and added together there. A
result of the addition by the adder 30B 1s obtained as a
current control value E, and this is mputted to a motor
driving circuit 37 as a motor driving signal. A motor current
value 1 of the motor 20 1s detected by a motor current
detecting circuit 38, and this motor current value 1 1s inputted

to the subtractor 30A and 1s fed back.

An example of a structure of the motor driving circuit 37
will be explained with reference to FIG. 3. The motor
driving circuit 37 comprises an FET (field-effect transistor)
cgate driving circuit 371 for driving each gate of ficld-effect
transistors FET1 to FET4 based on the current control value
E from the adder 30B, an H-bridge circuit composed of the
FET1 to the FET4, and a step-up power source 372 for
driving a high side of the FET1 and the FET2, respectively.
The FET1 and the FET2 are ON/OFF controlled by a PWM
(Pulse Width Modulation) signal of a duty ratio D1 deter-
mined based on the current control value E, thereby to
control the size of a current Ir that actually flows to the motor
20. The FET3 and the FET4 are driven by a PWM signal of
a duty ratio D2 defined by a predetermined linear functional
expression (D2=a-D1+b, where “a” and “b” are constants) in
an arca where the duty ratio D1 1s small. When and after the
duty ratio D2 has also reached 100%, the FET3 and the
FET4 are ON/OFF controlled according to a rotation direc-
fion of the motor 20 determined by a sign of the PWM
signal.

According to a widely-distributed hydraulic power steer-
Ing apparatus, the apparatus has a characteristic that the
friction of a cylinder section increases 1n proportion to a
cylinder pressure P (a horizontal axis T represents a steering,
torque), as shown in FIG. 4. The apparatus has hysteresis
because of the frictional characteristic. When a vehicle 1s
cornering, for example, the hysteresis prevents the steering
wheel from being suddenly returned by a self-aligning
torque (SAT). This improves the steering of the driver. FIG.
5 shows this status. When the steering torque T has suddenly
changed by AT, the cylinder pressure changes by P1 1n the
absence of the hysteresis. However, 1 the presence of the
hysteresis, the cylinder pressure changes by P2(<P1).
Therefore, 1n the presence of the hysteresis, it 1s possible to
make smooth the change in the cylinder pressure P 1n
relation to a change in the steering torque T. It has been
known that the hysteresis width changes according to a size
of friction. In the case of a rubber packing of a hydraulic
cylinder, the rubber 1s compressed along an increase 1n the
cylinder pressure. The hysteresis width increases based on
an increase 1n Coulomb friction. It 1s important for the
steering that the driver feels strong self-aligning torque at a
neutral point, and does not feel so strong self-aligning torque
when the vehicle 1s cornering. In this sense, it 1s 1deal that,
like 1in the hydraulic power steering apparatus, the friction
(hysteresis) becomes small in an area of a small steering
angle 0, and the friction (hysteresis) becomes large in an
arca of a large steering angle 0.
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On the other hand, according to an electric power steering
apparatus, the apparatus has constant friction independent of
the assist torque T, as shown 1n FIG. 6. The electric power
steering apparatus 1s characterized 1n that 1t has a constant
friction characteristic independent of steering force, as the
Coulomb friction of the motor mainly rules out. Thus, the
hysteresis has a constant width as shown in FIG. 7.
However, the hysteresis width 1s narrower than the hyster-
es1s width of the hydraulic power steering apparatus during
its high-torque time. Therefore, 1n the electric power steer-
ing apparatus, the friction 1s compensated for 1n the area of
a small steering torque T by attaching importance to the
friction characteristic 1n this area. According to this
compensation, however, the friction becomes smaller 1n an
arca where the steering torque T 1s large, as shown 1 FIG.
5. As a result, the stable feeling of steering 1s lost when the
steering torque T 1s large like when the vehicle 1s cornering.

As a control unit that solves the above problems, there 1s
one example disclosed 1 Japanese Patent Application Laid-
open No. 9-156526 A. According to this, a vehicle steering
control unit has a steering torque detector for detecting a
steering torque, and this control unit controls the assist
volume of an electric power assisting unit, based on a
detection signal outputted from the steering torque detector.
In this vehicle steering control unit, there 1s provided an
adjuster for giving the hysteresis to the detection signal of
the steering torque detector.

With the provision of the adjuster, it 1s possible to give the
hysteresis to the detection signal of the steering torque
detector. Therefore, 1t 1s possible to change the hysteresis
characteristic of the operating power assisting unit according
to the steering status, based on the detection signal of the
steering torque. As a result, 1t 15 possible to optimize the
torque assist volume. However, according to the above
conventional unit, there remains a feeling of intermittence in
the steering operation, and the torque control system 1is
unstable. Thus, there has been a problem in that the con-
ventional unit leads to a cost increase because of the need for
a provision of new hardware structure.

Further, the present applicant has disclosed a device in
Japanese Patent Application Laid-open No. 2000-95131 A.
This device applies a negative differential gain when the
steering wheel returns, thereby to prevent a sudden reduc-
fion 1n the assist volume. The device applies a positive
differential gain when the steering wheel 1s turned. With this
arrangement, a large hysteresis characteristic 1s given 1n a
high-torque arca, and a small hysteresis characteristic is
orven 1n a low-torque area near the neutral point. However,
according to the above device, there 1s a risk of generating
an unnatural steering feeling, when the negative and positive
differential gains are too different in the changeover between
the negative and positive differential gains based on the
steering wheel return and turn patterns.

Further, Japanese Patent Application Laid-open No.10-
291481 A disclosed a device for obtaining a comfortable
steering feeling regardless of a running speed and a steering
angle of the steering wheel. However, the importance 1s
placed on only the stability of the control system, and
therefore, this device has a problem 1n the responsiveness of
the assist torque. Further, 1t 1s also important to devise the
climination or minimization of the influence of the motor
inertia.

SUMMARY OF THE INVENTION

The present mvention has been made to solve the above
problems. It 1s an object of the present invention to provide
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4

a control unit for an electric power steering apparatus
capable of obtaining confinuous, stable and comifortable
steering feeling to realize improved steering performance of
the steering wheel without the influence of the motor 1nertia,
based on a provision of a continuous hysteresis character-
istic 1n an adjustable width to the electric power steering
apparatus using a low-cost structure on software.

The present imvention provides a control unit for an
clectric power steering apparatus that controls a motor for
o1ving a steering assist force to a steering mechanism based
on a current control value calculated from a steering assist
command value calculated based on the steering torque
cgenerated 1n the steering shaft, and a current value of the
motor. The object of the present invention can be achieved
based on the provision of a center responsiveness 1mproving
section that differentiates the steering torque signal, adds the
differentiated value to the steering assist command value,
and carries out phase advancement compensation to the
differentiation.

Further, the object of the present invention can be
achieved more eflectively when the phase advancement
compensation 1s carried out before the differentiation, or
when the center responsiveness 1improving section continu-
ously changes the differential gains according to the steering
torque and the size of the vehicle speed.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a block structure diagram showing an example
of a conventional electric power steering apparatus;

FIG. 2 1s a block diagram showing a general internal
structure of a control unit;

FIG. 3 1s a line-connection diagram showing an example
of a motor driving circuit;

FIG. 4 1s a diagram showing an example of the operation
of a hydraulic power steering apparatus;

FIG. § 1s a diagram for explaining the effect of the
hysteresis characteristics;

FIG. 6 1s a diagram showing an example of the operation
of an electric power steering apparatus;

FIG. 7 1s a diagram showing an example of the operation
of an electric power steering apparatus

FIG. 8 1s a block diagram showing an example of a
structure of the present invention;

FIG. 9 1s a block structure diagram showing a center
responsiveness improving section;

FIG. 10 1s a diagram showing an example of a charac-
teristic of a phase advancement compensating section;

FIG. 11 1s a diagram showing an example of a character-
istic of an approximate differentiating section;

FIG. 12 1s a diagram showing a combined characteristic
of the phase advancement compensating section and the
approximate differentiating section;

FIG. 13 1s a diagram showing a basic assist characteristic;

FIG. 14 1s a diagram showing an example of a vehicle
speed 1nterpolation calculation;

FIG. 15 1s a transmission function block diagram showing
key elements of the present invention;

FIG. 16 1s a diagram for explaining the operation of the
present 1nvention;

FIG. 17 1s a diagram showing an example of a charac-
teristic of a steering assist calculating section;

FIG. 18 1s a flowchart showing an example of the opera-
tion of the present invention;
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FIG. 19 1s a diagram showing an example of a charac-
teristic of differential gain versus steering torque when the
vehicle speed 1s zero according to the present imvention;

FIG. 20 1s a diagram showing an example of a charac-
teristic of differential gain versus steering torque when the
vehicle speed 1s 1ncreased according to the present inven-
tion; and

FIG. 21 1s a diagram showing an assist characteristic
having the hysteresis when a differential gain 1s negative.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

According to the present invention, with an object of
improving the responsiveness of assist torque and improving
the stability of a torque control system, a value proportional
to a differential of a steering torque signal i1s added to an
assist volume (a steering assist command value), by chang-
ing a differential gain according to the steering torque and
the size of a vehicle speed, in order to 1ncrease the respon-
siveness of the control system. Further, a phase advancement
compensation is inserted into the assist volume (the steering
assist command value), thereby to remove or reduce the
influence of the motor inertia. As the motor inertia appears
in the form of a phase delay as the transmission
characteristic, it 1s possible to remove the influence of the
motor inertia by inserting the phase advancement compen-
sation.

Based on the continuous changing of the differential gain,
there occurs no large variation in the differential gain when
the steering torque, the vehicle speed and the steering pattern
are changed. Therefore, 1t 1s possible to prevent an unnatural
steering feeling and to obtain comfortable steering perfor-
mance. Further, based on the increasing of a differential gain
in an area of a small steering torque, 1t 1s possible to obtain
a characteristic of a small hysteresis by increasing the
responsiveness in an area near the neutral point. As a resullt,
it 1s possible to obtain comfortable steering performance,
and to maintain responsiveness and stability 1n an area of a
large steering torque.

Further, 1n an area of a predetermined steering torque, a
differential gain 1s set smaller as the vehicle speed increases,
and a negative differential gain 1s included. With this
arrangement, 1t 1s possible to prevent a sudden reduction 1n
the assist volume when the steering wheel returns. As a
result, it 1s possible to obtain an equivalent large hysteresis
characteristic, thereby achieving the stability 1n the steering
when the vehicle 1s cornering.

Embodiments of the present invention will be explained
below with reference to the drawings.

FIG. 8 1s a block diagram showing control functions of the
present 1nvention. A steering torque T 1s 1nputted to a
steering assist command value calculating section 100 and a
center responsiveness improving section 101. Outputs from
these sections 100 and 101 are mputted to an adder 102. A
result of an addition by the adder 102 1s mnputted to a torque
control calculating section 103. An output signal from the
torque control calculating section 103 1s inputted to a motor
loss current compensating section 104. An output signal of
the motor loss current compensating section 104 is inputted
fo a maximum current limiting section 106 via an adder 1035.
A maximum current value limited by the maximum current
limiting section 106 1s inputted to a current control section
110. An output of the current control section 110 1s mnputted
to a current driving circuit 112 via an H-bridge characteristic
compensating section 111. Based on this, the current driving
circuit 112 drives a motor 113.
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A motor current 1 of the motor 113 1s mputted to a motor
angular velocity estimating section 121, a current drive
switching section 122 and the current control section 110,
via a motor current offset correcting section 120. A motor
terminal voltage Vm 1s 1nputted to the motor angular veloc-
ity estimating section 121. An angular velocity o estimated
by the motor angular velocity estimating section 121 1s
inputted to a motor angular velocity estimating section/
inertia compensating section 123, a motor loss torque com-
pensating section 124 and a yaw rate estimating section 1235.
An output of the yaw rate estimating section 1235 1s mputted
to an astringency control section 126. Outputs of the astrin-
gency control section 126 and the motor loss torque com-
pensating section 124 are mputted to an adder 127, and are
added together by the adder 127. A result of the addition 1s
inputted to the adder 102. The motor loss torque compen-
sating section 124 assists the torque corresponding to a loss
torque of the motor 113 to a direction 1n which the loss
torque 1s generated. In other words, the motor loss torque
compensating section 124 assists the torque to a rotation
direction of the motor 113. The astringency control section
126 applies braking to the oscillation of the steering wheel
for improving the astringency of the yaw of the vehicle.

Further, a current dither signal generating section 130 1s
provided for generating a dither signal to fine oscillate the
motor 113 to a level that the driver does not sense. Outputs
of the current dither signal generating section 130 and the
motor angular velocity estimating section/inertia compen-
sating section 123 are added by an adder 131. A result of this
addition 1s inputted to the adder 105. A result of the addition
in the adder 1035 1s mputted to the maximum current limiting
section 106.

Based on the above structure, according to the present
invention, the center responsiveness improving section 101
comprises a phase advancement compensating section
101A, an approximate differentiating section 101B and a
cgain setting section 101C, as shown in FIG. 9. Further, the
phase advancement compensating section 101 A has a fre-
quency characteristic as shown 1n FIG. 10, and the approxi-
mate differentiating section 101B has a frequency charac-
teristic as shown in FIG. 11. With this arrangement, a
combined characteristic of the phase advancement compen-
sation and the approximate compensation becomes as shown
in FIG. 12. As a result, 1t becomes possible to obtain a phase
characteristic with no phase delay.

The gain setting section 101C sets a gain by switching the
vehicle speed V and the steering torque T. Further, in order
to reduce the unstable steering feeling that the steering
wheel 1s suddenly returned, and to stabilize the steering, the
steering torque 1s large, the steering torque change rate 1s
large, and the gain 1s decreased when the steering torque 1s
in the decreasing direction. In other words, the switching
condition is set as follows. [steering torquel(=A) >about 1.37
Nm, and [steering torque-steering torque (one sampling
before)|(=B)>about 0.137 Nm, and sign (A)< >sign (B). In
the above, sign (A)< >sign (B) means that the signs of
(A=steering torque) and (B=steering torque—steering torque
(one sampling before)) are different.

Further, according to the present invention, the steering
assist command value calculating section 100 sets the assist
characteristic of three representative vehicle speeds (0, 30,
254 Km/h) as a basic characteristic in the calculation of the
assist value. The steering assist command value calculating,
section 100 calculates the assist values at other speeds by
interpolating between the basic characteristics for every 2
Km/h of the vehicle speed according to the vehicle mterpo-
lation gain. Then, the vehicle speed of the assist character-
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1stic 1s set to a range from 0 to 254 Km/h, and the resolution
1s set as 2 Km/h. FIG. 13 shows the basic assist characteristic

(torque versus current). The basic assist characteristic is
expressed as 0 Km/h=lo characteristic, 30 Km/h=la charac-

teristic and 254 Km/h=lb characteristic. For other vehicle
speeds, the assist current 1s calculated by interpolating
between the vehicle speeds for every 2 Km/h using a vehicle

(Km/h) versus vehicle speed interpolation coefficient vy
shown 1n FIG. 14. When the vehicle speed 1s from 0 to 30
Km/h, the assist current I is “I=la(D)+y(V) (lo(T)-la(T))”.
When the vehicle speed 1s from 32 to 254 Km/h, the assist
current I 1s “I=Ib (T)+y(V)(1a(T)-1b(T))”.

Detailed structures of the steering assist command value
calculating section 100 and the center responsiveness

improving section 101 will be explained with reference to
FIG. 15.

The steering assist command value calculating section
100 calculates the steering assist command value I and
outputs this 1n a functional characteristic as shown 1n a block
100 1n FIG. 15. For the sake of simplicity, a relationship of
KxT 1s assumed, based on AI/AT=K. The transmission
function of the approximate differentiating section 101B 1s
as shown 1n a block 101B 1n FIG. 15, by assuming that the
cgain 15 “1”. Gain Kdd of the gain setting section 101C
connected to the latter stage of the approximate differentia-
tor 101B changes according to the vehicle speed V and the
steering torque T. The numeral T1 represents an 1ntegration
fime constant, and “s” represents a Laplace variable. The
following expression (1) 1s established for the current com-
mand value Iref from the block diagram shown 1n FIG. 15

when there 1s no phase advancement compensating section
101A.

Iref =K+ Kdd-s/(Tl-s+1) (1)

—(K-Tl-s+K+Kdd-s)/(TI-s+1)
= ((K-Tl + Kdd)s + KX/ (T1-s + 1)

=K /(T]-s+ DMK -TI + Kdd)s | K + 1}

Then, the following expression (2) is established.

(K-T1+Kdd)/K >T1 (2)

Therefore, the frequency characteristic of the expression (1)
becomes as shown 1n FIG. 16.

In comparing the case when an assist characteristic gain
K 1s small with the case when an assist characteristic gain K
1s large, a difference between gains Gs 1s small 1n an area of
a frequency “a” or above when the assist characteristic gain
K 1s large, regardless of the sizes of the assist characteristic
cgains K, as shown in FIG. 16. In other words, 1n an area of
the frequency “a” or above, it 1s possible to obtain substan-
tially constant responsiveness independent of the sizes of the
assist characteristic gains K. The steering assist command
value I as the output of the steering assist command value
calculating section 100 has such a characteristic that the
assist characteristic gain K 1s small when the steering torque
T 1s small, and the assist characteristic gain K 1s large when
the steering torque T 1s large, as shown 1n FIG. 17. As a
result, when the steering torque T 1s small, the responsive-
ness 1s lowered than when the steering torque T 1s large.
Therefore, with the provision of the characteristics as shown
in FIG. 16, it 1s possible to maintain the responsiveness in
the high-frequency area, and to compensate for the influence
of the friction and inertia of the motor.

The above explains the case where there 1s no phase
advancement compensating section 101A. As the phase
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advancement compensating section 101A works only 1n
relation to the phase, the operation principle i1s exactly the
same when the phase advancement compensating section
101 A 1s mnserted. However, as the phase advancement com-
pensating section 101 A compensates for only the phase 1n
control, 1t 1s possible to securely remove the influence of the
motor mertia even when the motor 1nertia works as a phase
delay.

FIG. 18 1s a flowchart showing an example of the opera-
tion according to the present mvention.

Assume that the vehicle speed V has a relationship of
V>V, 20. First, 1t 1s decided whether the vehicle speed V
is larger than V, or not (Step S1). When the vehicle speed
V 1s equal to or smaller than V,, the differential gain Kdd 1s
set to f;(TA, V,) (Step S3). When the vehicle speed V 1is
larger than V,, 1t 1s further decided whether the vehicle
speed V is larger than V., or not (Step S2). When the vehicle
speed V 1s equal to or larger than V,, the differential gain
Kdd is set to £,(TA, V,) (Step S4). When the vehicle speed
V 1s smaller than V,, the differential gain Kdd 1s set as
shown in the following expression (3)(Step S5).

Kdd=|f,(TA, V,)-f1(TA, V,)Ixg(TA)+L, (14, V)) (3)

According to the present mnvention, the differential gain
Kdd is changed using the vehicle speed V as a parameter,
and at the same time, the differential gain Kdd 1s changed
relative to the steering torque T as shown 1 FIG. 19. In other
words, FIG. 19 shows a relationship between the steering
torque T when the vehicle speed V 1s 0 and the differential
cgain Kdd. The differential gain Kdd 1s set larger 1n an area
where the steering torque T 1s small, and the differential gain
Kdd 1s set gradually smaller when the steering torque T
increases. Then, as shown 1n FIG. 20, the differential gain
Kdd 1s set gradually smaller as the vehicle speed V
increases, 1n a predetermined area of the steering torque T.

As described above, it 1s possible to equivalently adjust
the hysteresis of the assist characteristic, by setting the
differential gain Kdd smaller as the vehicle speed V
increases. When the differential gain Kdd has become 0, the
hysteresis of the assist characteristic 1s determined based on
the friction of the mechanical system. When the differential
cgain Kdd has become negative, the hysteresis of the assist
characteristic becomes larger than the hysteresis based on
the friction of the mechanical system, as shown 1n FIG. 21.

According to the present invention, with an object of
improving the responsiveness ol the assist torque and
improving the stability of the torque control system, a value
proportional to a differential of a steering torque 1s added to
an assist volume (a steering assist command value), by
changing a differential gain according to the steering torque
and the size of a vehicle speed, in order to increase the
responsiveness of the control system. Further, as the phase
advancement compensation 1s inserted into the steering
assist command value, 1t 1s possible to compensate for the
motor 1nertia. Further, it 1s possible to achieve both the
stabilized responsiveness near the neutral poimnt and the
prevention of a sudden reduction 1n the assist volume. As a
result, there 1s an effect that it 1s possible to prevent an
unnatural feeling of steering and to obtain comiortable
steering feeling.

What 1s claimed 1s:

1. A control unit for an electric power steering apparatus
that controls a motor for giving steering assist force to a
steering mechanism based on a current control value calcu-
lated from a steering assist command value calculated by a
calculator based on a steering torque generated 1n a steering
shaft, and a current value of the motor,
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the control unit comprising a center responsiveness
improving section configured to carry out a phase
compensation and differentiation on a torque signal
indicative of the steering torque, wherein said control
unit adds said torque signal which has been differen-
tiated and phase compensated to the steering assist
command value,

said center responsiveness Improving section comprises a
phase compensation section configured to carry out
said phase compensation, a differentiating section con-
figured to carry out said differentiation, and a gain
setting section configured to set a gain of said torque
signal,

wherein said phase compensation section carries out
phase advancement compensation, and said differenti-
ating section carries out said differentiation on said
torque signal which has been phase advancement com-
pensated by said phase compensation section, and

wherein said differentiating section carries out approxi-

mate differentiation.

2. A control unit for an electric power steering apparatus
according to claim 1, wherein said center responsiveness
improving section continuously changes a differential gain
according to the steering torque and a vehicle speed.
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3. A control unit for an electric power steering apparatus
according to claim 2, wherein said gain setting section 1s
configured to decrease the gain when said steering torque 1s
large, a steering torque change rate 1s large and said steering
torque 1s 1n a decreasing direction.

4. A control unit for an electric power steering apparatus
according to claim 2, wherein said phase compensation
section carries out phase advancement compensation, and
said differentiating section carries out said differentiation on
said torque signal which has been phase advancement com-
pensated by said phase compensation section.

5. A control unit for an electric power steering apparatus
according to claim 2, wherein said differentiating section
carries out approximate differentiation.

6. A control unit for an electric power steering apparatus
according to claim 2, wherein the center responsiveness
improving section continuously changes a differential gain
according to the steering torque and a vehicle speed.

7. A control unit for an electric power steering apparatus
according to claim 6, wherein said gain setting section 1s
configured to decrease the gain when said steering torque 1s
large, a steering torque change rate 1s large and said steering
torque 1s 1n a decreasing direction.
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